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TITLE OF CASE Do not include “a case report”
Severe nutritional deficiencies and osteopenia in a dog fed a home-made raw diet
SUMMARY Up to 150 words summarising the case presentation and outcome (this will be freely available online)
A seven-month-old male entire Bulldog presented for a three-week history of progressive lethargy, exercise intolerance, hindlimb paresis, muscle atrophy and hyperaesthesia. The dog had initially been raised on the bitch’s milk before maternal illness resulted in him transitioning onto milk replacer. He was weaned onto commercial puppy food until four months of age prior to being transitioned onto a homecooked diet. This diet comprised of raw meat, collected weekly from a local abattoir, home cooked cereals and vegetables.The patient was oxygen dependent on presentation, requiring 40% inspired oxygen concentration to maintain normoxaemia. Investigations revealed marked osteopenia with concurrent severe hypovitaminosis D, hypocalcaemia and hyperparathyroidism; hypovitaminosis A; hypothyroidism and concurrent severe pneumonia. Despite intensive medical care, nutritional interventions and escalating oxygen therapy, the dog was euthanised due to a deterioration in respiratory function. This case report highlights the severe clinical complications associated with the consumption of a nutritionally incomplete diet.
BACKGROUND Why you think this case is important – why did you write it up?
There is a growing interest among pet owners about the potential health benefits of feeding a home cooked diet rather than traditional proprietary dog food. (1,2) The reasons for this trend are ill-defined and likely multifactorial including explanations such as the desire to treat a pet, to feed a diet which some owners consider to be more wholesome and natural as well as concerns over quality control of ingredients and nutritional balance in commercial foods. (2) This latter issue has become a particularly high profile concern following the recall of several brands of dog food following manufacturing errors. (2–4) However, there is a growing evidence base that homecooked and raw meat based diets are not without risk with increasing evidence demonstrating that a raw food diet can lead to the transmission of food borne pathogens, (5-7) antimicrobial resistance, (8) and nutritional deficiencies. (9) A particular challenge for owners feeding a home cooked diet is ensuring that the diet is consistently nutritionally balanced. (10,11) A particularly concern in dogs fed a home cooked diet is the potential to develop vitamin D deficiency since dogs are unable to produce vitamin D cutaneously unlike many other mammals. Consequently, they need to obtain an adequate amount of vitamin D in their diet to avoid hypocalcaemia and skeletal complications. (10,12) Commercial pet food diets are commonly supplemented with vitamin D. (12) The metabolically active vitamin D metabolite 1,25 dihydroxyvitamin D3 (1,25(OH)2D3), alongside parathyroid hormone is responsible for increasing serum calcium, in health.  Skeletal pathologies, such as rickets, can develop in growing dogs with sustained vitamin D deficiency. (13) Vitamin D has a number of wider ranging roles and most notably has been shown to profoundly influence immune function. (14) Dogs fed nutritionally incomplete diets are also be at risk of developing other multiple vitamin and mineral deficient states. (9) For example, dietary intake of vitamin A precursors, most notably beta-carotene is essential, if liver stores are insufficient. (15) Vitamin A is required for adequate immune function in the dog, (16) skeletal growth in puppies, (17) epithelial integrity, visual and reproductive function. (18,19) Adequate dietary intake of iodine is important to ensure normal thyroid function. Hypothyroidism is a common endocrine disease in dogs which is typically caused by autoimmune destruction of the thyroid gland although nutritional causes of hypothyroidism have been reported in dogs. (20,21)This case reports describes a seven-month-old bulldog with severe generalised osteopenia and hypocalcaemia secondary to hypovitaminosis D with secondary hyperparathyroidism. Further investigations also revealed hypovitaminosis A and hypothyroidism. These findings are suspected to be linked to a nutritionally incomplete diet which consisted of a home prepared mixture of raw meat and cooked cereals and vegetables from four months of age.   The severe clinical presentation demonstrate the potential sequelae of feeding an incomplete diet to juvenile dogs and the importance of taking a dietary history. 
CASE PRESENTATION Presenting features, clinical and environmental history
A seven-month-old, male entire, English Bulldog presented for investigation of a three week history of progressive exercise intolerance, pelvic limb muscle atrophy, pelvic limb gait abnormalities, inability to posture normally to defecate, reduced appetite and moments of abnormal behaviour which were suspected to be pain related. No previous illness had been reported in this dog and he was up to date with vaccinations and anti-parasite treatment. The owner showed a video at four months old demonstrating adequate growth with a normal body shape and gait.The puppy was one of a seven puppy litter and was still in the care of his breeder. Four out of seven puppies had died over the last seven months, one of which was diagnosed with hydrocephalus at post-mortem examination. The bitch had been fed a home made diet consisting of raw meat, collected weekly from an abattoir, boiled rice, broccoli and other vegetables. She had received a commercial puppy diet in the last trimester. The puppies were fed by the bitch initially until an undiagnosed illness resulted in them being converted onto a commercial milk replacement. At weaning they were transitioned onto a commercial puppy mousse and subsequently age appropriate dry food pellets. From approximately four months of age the remaining puppies had been transitioned onto the owners’ homemade diet that the bitch had received previously. 
INVESTIGATIONS If relevant
Clinical examination demonstrated a subdued and orthopneic animal with marked stridor and stertor, consistent with severe brachycephalic obstructive airway syndrome. A mass in the ventral cervical region was palpable and was suspected to be a goitre. An abnormal thoracic conformation was noted with lateral bowing of the ribs. Bilateral outward rotation of both elbows and marked tarsal valgus were present. Body condition score was 3/9 and mild muscle loss was noted. Pulsoximetry revealed hypoxaemia with an spO2 of 92%.  
Neurological examination revealed ambulatory paraparesis, reduced withdrawal reflexes in the pelvic limbs and marked hyperaesthesia on thoracolumbar, lumbar and lumbosacral palpation.Investigations included haematology, serum biochemistry  (Table 1) and diagnostic imaging. Haematology was unremarkable. Serum biochemistry revealed ionised hypocalcaemia and an increased creatine kinase concentration. To define the pathophysiology of the hypocalcaemia, concentrations of serum 25 hydroxyvitamin D (25(OH)D), the vitamin D metabolite which is widely used to assess vitamin D status, and plasma parathyroid hormone (PTH) were measured. Serum 25(OH)D concentration was undetectable and the PTH concentration was increased (Table 1). Due to the presence of a suspected goitre on examination, total and free thyroxine alongside thyroid stimulation hormone were measured which revealed low total and free T4 and increased concentration of thyroid stimulating hormone (Table 1). Hypovitaminosis A was also identified(Table 1). Computed tomography was performed to allow rapid assessment of both the paraparesis and the dyspnoea in this critical case. The examination revealed a bilaterally symmetrically enlarged and hypodense thyroid gland (Figure 1) (46 Hounsfield Units (HU), normal canine thyroid density 107.5 HU), (22) generalised increased lung attenuation with maintained volume, bilaterally symmetric fatty infiltration of thoracolumbar epaxial and hypaxial muscles, curvature deformations of the ribs, malformation of several thoracic vertebrae and generalised marked decrease in bone density (Figure 2). Computed tomography osteodensitometry of the calvarium revealed a bone mineral density of 218.9mg calcium hydroxylapatite/ml (in house normal average for breed 663mg CaHA/ml, range 569 – 750mg CaHA/ml, n=9) (Figure 3).(23) Thoracic radiography to assess naso-oesophageal tube placement also revealed lung opacification and generalised osteopenia (Figure 4).
DIFFERENTIAL DIAGNOSIS If relevant




TREATMENT If relevant 
Treatment for suspected pneumonia was started with intravenous amoxicillin-clavulanate (Augmentin; GlaxoSmithKline) 20mg/kg every 8 hours and oxygen therapy. Over the first 24 hours some improvement in oxygen saturation and respiratory rate and effort were seen.
To address suspected regurgitation and inappetence anti-nausea and prokinetic support in the form of maropitant (Prevomax; Dechra) 1mg/kg intravenously every 24 hours and a metoclopramide (Emeprid; Ceva) constant rate intravenous infusion at 2mg/kg per day were initiated. 
Analgesia in the form of methadone (Comfortan; Dechra) 0.2mg/kg intravenously every 4 hours and paracetamol (Perfalgan; Bristol-Myers Squibb) 10mg/kg intravenously every 12 hours, were provided to alleviate the hyperaesthesia. This was subsequently escalated to a continuous rate intravenous infusions of fentanyl (Fentadon; Dechra) at 3g/kg per hour and ketamine (Narketan; Vetoquinol) at 0.2mg/kg per hour, with subsequent reduction in recorded pain scores. A naso-oesophageal tube was placed to ensure nutrition, with a commercial liquid diet (Royal Canin gastrointestinal high energy liquid) given as a continuous rate infusion. Rates were calculated to provide 33% resting energy caloric requirement per day with daily incremental increases of 33%. Calcitriol (Rocaltrol; Roche) at a dose of 2.5ng/kg orally once daily was started to address hypovitaminosis D and levothyroxine (Leventa; MSD Animal Health) at 20g/kg orally once daily was instigated to address the hypothyroid state. 
OUTCOME AND FOLLOW-UP  
Despite intensive critical care management of the patient’s multiple co-morbidities with intravenous antibiosis, oxygen therapy, enteral nutrition and gastroenteral support his respiratory function worsened four days after admission with progressive hypoxaemia (spO2 90% on 80% inspired oxygen concentration) and worsening dyspnoea. High-flow nasal oxygen therapy was started but only mild improvement in oxygenation status (spO2 92%) was seen with no improvement in respiratory effort after several hours. Given the clinical deterioration after 5 days of intensive management, the owner elected to euthanise the patient.
DISCUSSION Include a very brief review of similar published cases 
This case describes a case of profound hypovitaminosis D which resulted in hypocalcaemia, secondary hyperparathyroidisim and low bone density. The most plausible explanation for the low vitamin D status was the feeding of a vitamin D deficient diet. Hypovitaminosis D and hypocalcaemia have been reported in animals following insufficient dietary intake. (10) Clinical symptoms include pathological fractures, pain on palpation of bones, facial swelling and mandibular flexibility (due to osteopenia), seizures and muscle weakness(due to hypocalcaemia), and rickets (due to﻿ hypovitamniosis D causing impaired mineralization of physeal and epiphyseal cartilage during growth). (13, 24-26)Dogs are dependent on dietary intake of vitamin D due to an inability to synthesise sufficient quantities in their skin. (12,27) Skeletal development is dependent on the interactions of vitamin D and parathyroid hormone as part of calcium homeostasis. 1,25-dihydroxy-vitamin D3 and calcium are both necessary for growth plate development with both osteoclasts and chondrocytes expressing vitamin D receptors. (13) Hypovitaminosis D results in hypocalcaemia due to decreased intestinal absorption thus decreasing the calcium pool available for mineralising osteoid and newly formed cartilage. (13) Furthermore, hypocalcaemia stimulates parathyroid gland hyperplasia and subsequent hyperparathyroidism, with resultant calcium reabsorption from bone. (13) Hypocalcaemia in this case may have been further exacerbated if the diet was deficient in calcium. The combined effects of hypovitaminosis D, hypocalcaemia and secondary hyperparathyroidism likely resulted in the severe osteopenia seen in this case. ﻿An interesting feature of this case is the presence of primary hypothyroidism and a goitre. Again, the most plausible explanation for this abnormality is the nutritionally inadequate diet in which low intake of iodine resulted in a thyroxine deficient state. Nutritional causes of hypothyroidism are rare in dogs. (21,28) Conversely, iodine deficiency in people is a common cause of goitre development. (29) A case series of hypothyroidism due to a suspected iodine deficient diet was reported in a dogs fed a predominantly meat or meat-only diet. (20) Dietary sources of iodine include iodised salt fish and fish products, (20) all of which were absent from this patient’s diet. As such the early-onset hypothyroidism in this case was suspected to be due to iodine deficiency. Plasma iodine levels were not sampled prior to the patient receiving an iodine-based contrast medium as part of the protocol for the CT scan, therefore it was not possible to ascertain an accurate plasma iodine concentration. However, the hypodense thyroid on CT likely reflects a lower than normal concentration of iodine within the tissue. (22)Myosteatosis was an unexpected observation on the CT images.  This condition has not been reported in dogs and the aetiology of the fat deposition in the muscle is unclear. However, it may be a consequence of the nutritionally inadequate diet. This possible explanation is supported by murine model studies which found that vitamin D supplementation resulted in improvement in myosteatosis that was induced by feeding a high fat high sugar diet. (30)Fish oil supplementation has been shown to reduce myosteatosis in a rodent model of neoplasia, possibly suggesting that omega 3 fatty acid deficiency may be causing this finding. (31) Further studies are required to assess whether the hypovitaminosis D, omega 3 fatty acids or other deficiency seen in this case could have contributed to the myosteatosis seen in this patient. Hypovitaminosis A was also documented in this case. Dogs can produce vitamin A from sources of beta-carotene such as carrots and green leafy vegetables or directly from liver. Deficiencies can result in visual impairment, dermatotoses, poor embryonic skeletal development, (32) and suppressed immune function especially within the respiratory tract. (16) Similarly, vitamin D is associated with ability of the innate immune system to handle microbes with the vitamin D receptor being present on most immune cells. (14) No visual impairments or dermatoses were documented in this case, however, the patient did present with diffuse pneumonia. Although this is suspected to be secondary to regurgitation and aspiration in this brachycephalic breed, the severe presentation and poor response to medical management could have been exacerbated by its concurrent poor nutritional status.A limitation of this report is the lack of dietary analysis. The long term nutritional profile of the diet was difficult to ascertain since the diet composition changed dependent on the abattoir products the owner received weekly. Homecooked diets are often found to be lacking in trace micronutrients supporting our hypothesis of dietary derived deficiencies. (33)The diet fed may well have been deficient in calcium, further exacerbating the documented hypocalcaemia and orthopaedic condition of the animal. Other deficiencies may include linoleic acid, some B vitamins, copper, omega 3 fatty acids, iron and vitamin E.  We are suspicious that this case likely had multiple dietary deficiencies, however these were not screened for in this critical case.  In summary this case documents marked hypovitaminosis D, hypocalcaemia and secondary hyperparathyroidism with severe osteopenia alongside hypothyroidism and hypovitaminosis A. This is most likely due to the feeding of a nutritionally incomplete home cooked diet. This case highlights the need to fully assess patients’ dietary history and demonstrates the merits of ensuring that homecooked diets are nutritionally balanced prior to feeding to dogs. 
LEARNING POINTS/TAKE HOME MESSAGES 3 to 5 bullet points – this is a required field
This case highlights the severe clinical sequelae of feeding a nutritionally incomplete diet to a juvenile dogMarked skeletal complications may result from of feeding a diet with low vitamin D to a growing animal.Patients fed homecooked diets may have other deficiencies such as early onset hypothyroidism due to iodine deficiency, or hypovitaminosis A.Full dietary history should always be acquired with dietary analysis performed. 
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FIGURE/VIDEO CAPTIONS figures should NOT be embedded in this document
Figure 1.Survey CT image (A) of the cranial neck, showing bilaterally symmetrically markedly enlarged and markedly hypodense (47HU) thyroid glands (arrows) with (B) normal contrast enhancement (arrows), compared to (C) survey CT of a 6-month old female Bulldog with normal size and density (107.1HU) thyroid glands (arrowheads) and (D) normal enhancement (arrwoheads).  The iodine content of the thyroid glands determines the CT density of the glands.Figure 2. Abdominal CT image showing the heterogeneous hypodensity of the epaxial and hypaxial muscles consistent with fatty infiltration, whereas ventral abdominal muscles appear normal.Figure 3.(A) Head CT image showing a generalised osteopenic skull with a measured bone mineral density of the calvarium of 218.9mg Calcium hydroxylapatite/ml. (B) Head CT image of an 8-month old male Bulldog with normal calvarial bone density (665.6mg Calcium hydroxylapatite/ml).Figure 4.(A) Thoracic radiograph showing the increased lung opacity consistent with pneumonia and generalised osteopenia. (B) Thoracic radiograph of a 7 year old Bulldog with normal bone density, a pacemaker is present in the thoracic cavity. Analyte (units)ResultReference RangeIonised Calcium (mmol/L)0.861.15-1.5Total 25-Hydroxyvitamin D (nmol/L)<4 17.2-139.9Parathyroid hormone (pg/ml)28120-65Serum Total T4 (nmol/L)<1315-48Serum Free T4 (pmol/L)<3.96-40Serum Thyroid Stimulating Hormone (ng/ml)0.8460.00-0.50Vitamin A (g/L)248830-3070Creatine Kinase (U/L)60250-200Table 1: Abnormal clinical pathology results 
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